gdEa^Bfr <&B0Qk 1-1 

?^ dte^Ml^j^Q^^i^ Q^a£^M)h BiSr>ij $a 

A^fc?/^ dfiB^ag Trirt^ C^>i(3^aCBE^ Sfepg Yn&6 

^aj£ftfif | B$ a*Pfl&§c(fe(4 ^13 Z 0$fc2^a£|^^ 
(teS^qThe Zeroth Law 'B^DSj ^Qp ?frE^ 1 |^j ^g^Gfia G|£i 
(§£iS/§ fl^lolH^L '^MSflftlZ 6§ g $p 2 !o#j ^ikg Z l^a 
Z D/iaj dVEcShM^^b^aOcby ^|g£L ^6 ^a/^cpg 

gli^ia$r<ip^ BL^afi^) 
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g0b/Rk 2-1 

j ^qpd^Ao Ml j &lk$fyko g^ay^ 6 A@cbJfe t^^aVEB Za^rYl(Si 

System and Boundary /BZ^yH8(U 

Surrounding U(^a 

Off' yfelpaE^ht atiL ?«.?Al^T(!i^^ ft 
.(1-1 (X) § universe J ^Gi^&fcEft^^ 

Isolated and non isolated systems (^fl^Wi(fr^^(^M^(fT^a(3 
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Open and closed systems 



Properties 



3-1 



g 




(extensive variables) d^gl^a^p^S® ?^ y^Y<agIf^?Wtk 



Etot = EK + Ep 



(m<% <$$M (3p&c£ G^ftag ffi^Mtiffi-?^ J 7&($^ (§M<$\ e p $ ek 
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4B^ft®(^l<^a^^&(intensive variables) GflE^i *2p?3/%p^ 
value per specific value (j$%m 

pdct(|?3SEQ^LBj^v = ^tj^DSaJ.6S|fiR^.(mass unit 

gf^SE^K^a^ibLY^molal specific value ^Q^S6&i^&$S3p 

N A =6.023xl0 23 ^S^I^6^kDiqa^ldD^2 g + MfcDiq kto/|§a$? 
(±^y^qg 3&p<|^fi3idjiifiMfy /fe adaKS Z . fc Diq ag Jfc)Zb» 

d| Z ^G)ib aygcpqs ^ .MQ^y%lKgQg l^d^^C^i^M^a 
RftMSi-i (^aZO&tpg^glf^^ 



v loDla p 0&<a (a^M) 3ft. 





s Y^Opi t giEa dfp3P 

qpqa g<I $<3flc^cp0 
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Yo^QDp2*p(p j = P j :^^dN^pD^^cbu1 

: 2-i oflft , 

:l g cm" 3 Ka| 3& 

Ymks ^c^Q|p|^i(||SbLA a 2 

:QEa 
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.1 

p = 1 g cm" 3 = 1 xlO" 3 kg x 10 6 m" 3 = 1000 kg.m" 3 = 1 ton m" 3 

v = - = 10- 3 m 3 kg- 1 
P 

e^Om AsMfaQ® HP. 18 kg B^ik^acbol kilomole (^.2 

.n kilomole 

V m/p 18 HO in _ 3 3| _i 
v = — = — — = — 18x10 nrr kg 
n m/18 p 

Hydrostatic Pressure Ufta 4-1 

A (8$(|£^(±u3Jft&)^-area element <|/ltpL$ .£tfl&L jfe>^ /feffc 

U_ mks ySqZ OaR<agfj$ .6® 6fi<| UdRoJyfe /EOSloEaa^liEOSloEaa 
.1 dyne = 10" 5 N 0j§cm 2 dyne d_(?&gs vfeg^N m" 2 



6- ogaGCWa 



/iiSii 



£aS^5£(3P^M /EOi,feaf l ai^.6£(^e$8i^6 I.ED2-1 (X)<a 



Z<3pa%3U$ g^/S^Q bar = 10 5 N nrf 2 = 10 6 dyne cm" 
OaRsiU^ (atm =atmosphere) B^aU&(3ig£i§ 6hPc6 £f aQJl ?^ A^jtiSGp 
(fi&#|Up = 13.5951 g cm" 3 J^pei^l4^(±t76 cm Z$fi^3dQ]M 

:j3JBl£ =980.665 cm s" 2 ^kt%(&k&$k 



mg 



= pgn 



A V/h m/ph 
latm = 13.5951x980.665x76 
= 1.01325xl0 6 dynecm- 2 
= 1.01325xl0 5 Nm" 2 - lbar 



(1-1) 



URogr^ Z '.760 mm Hg ^J76 cm Hg U$ B^AB^aUaR^ 

LCMiMMS^^ (Torricelli dAJ^BUMjpL Torr g^)&fj^0ffl%3l 

£BW mm jgMsgmh&Z 
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(HEaOMEB^^ph grifcaCB^BcrfEEj aflra 5-1 

Thermal Equilibrium, Temperature - The Zeroth Law 

*tc^j$BUii>e@ 

/^itM'EAp^Mn 
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] /^pZ yt(P5aa>^Eg Qi'^ftJ $&>^ A$ft><8 BAH <aa 

Mb 

BaEaj dfeat%p 2-5-1 

(gaUD^M^ equilibrium Azalea. 

#^/B^lprk,v4Sj^Q\^ metastable equilibrium /§ptja^b J 8ca • 

. 4$§ g >|iqaK <$ 0ferm3m&, ££dg y|ic[ 
g^l^Myg^^^Z^^y^PA^fe neutral equilibrium /Ejsaj Sea • 

Z (Sifegy|ici?(9 y^i^PAr tffe unstable equilibrium A^K&J Sea • 

.AGS 

The Zeroth Law CHEMCflBZBflflOS| ^#1 3-5-1 

.dSED^ (Me^k^pvvs&LZ (3$' ^a^Aoafe?MZ Eg ag£l ajil 

6 M(?A£$p\® b MXED^]Mksxm^ j A^(Spv®) a topi ^ 
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a M rfrf ^ l^aj Sfr^iai^ up^cpg(pada^ AgaJV^iaM 

liS&aZ IplsiiSkZ OStEaailAThermometers ^ad%ktSflaB^ 

.S^^C^ E^hermoscope '^{^TyffefO 

The adiabatic boundary opflHfts^B&ffia 4-5-1 

.ziig a^a/feam&^ittp^>^% (Mz K^pOi if 0% 
/EaW\j£ff MZ g *2@Ko| <Mfr§ z>8£ltL^a)^ $A 
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6i2%M /Ea :z£$a iaif il (EoSk T %i 6% B0a J£a ?fcB\ 

.IffiidlcbiMfc boundary) 



Thermometers 




thermometric property "<$kda$ (fck &t^MM.0MMLZ O^M^ 

.Thermometer g$£) J ife?frtB^ 

(Thermocouple 
Ka|Ce KO(^ail4M loD^ -3 
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K^D^Zi^atoS -a 
.^a^^^oK^- t/ftqa -£ 

gstE^tB^<^^/^^g^W^ 2-6-1 



As(Ge) otfUl *»$l«> 




T 



As(Ge) (a k^U:gpSaffifil3Tfi^rffc3-i (53 S 

.(a-3-l 63§As(Ge) 
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3-6-1 



$a) c#^jj $)^8 (6. a a) 0fiS6 C^'gg#i(SLZ i A(4-i 03 3 m 



( l)u^o 





(2)c 



BeKag^b GUE^4-i CD S 
gM$£j Gflfrg Ue^Z cB^^SP/lLg 1 ^.e^as^ET^ a>%(J&^ 8 ($ k 
?AY^?^MhiUtandard junction O^I^^M. (A^TJ S} <9£ffl$ 



.(GO <aZG) potentiometer 



\ (2)pjLgQ 




Bj2S^^Cl3(SSj:5-iGD(a 
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4-6-1 



3\>(§p?ryC (|^Z aSSj 1 ^. (constant gas volume thermometer) K^Sa 




15 BLb a ^pZj^pn^l^ 



6-1 QO® 



f f!^>^a^a^a^'?/^y&P5a 
tf^#^gMa4Mji^GCy\ 



,[-200 , 1500 °C] 



Temperature scales CfsXEagJB&E lf§K> 5-6-1 



14- ogaGCWa 



:5>p (|^a(x 2 x logd/tty flfokaEVM 

?frEkY^Bi2^ j liG| Z Yl^ lkl%tip\ $AY<i^a<Mg K©a 
gf/|l /i^EfiiSL^.^ iLfi&4qB^e) triple point of water ^fM&S&p 
.(4.58 mm Hg j^Bie /|d6lra^./6a^ 6132^^1 :Qrl3^ 

:(§rr&LHb< 




a|aj &,(ES0i QA3&%3u& ka£ s /P 3 G&iOftpSO Sz ko cfel%am 
(gaiblBlplgy^^ (steam) i^BUWg bfta 

=1.3660 :(HlEA£ga£)ii^ S/te 

■Ps/P 3 

fiouAd|(j^ o^pzadaiv p 3 =o u&i} Mr^KE&^jiSgfiSp 

:Aa9foi^S ggEz&fthti iStpdip?^ ^ngjMSp^ 
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(4-1) 




1.3700 - 



1.3690 - 



1.3680 



N 



1.3670 



He 
H 



1.3660 



1.3650 



250 500 



750 1000 



P 3 (Torr) 



p 3 (i/te s /P 3 :7-i GO ® 
6A)n ?^0 g ffi&f :M±iK^Dg:^K(^Mf)P K^l/ M§g 

bl^SH gMK(| 1954 ^.A^Q6fS(BS/HBfdH n.?G| 



.(ice point 



j>^S:cjpi(acjpffij^i Afe A^s AS§ Afe>^ai&Si(a4-i dSjaZ 



fp i 

= lim s 

p, ->o p. 



0 S - 0, = 100° 



(5-1) 
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o, = 



100 P 100 



p - p p 

S I S _ ^ 

P 



(6-1) 



dlpEfiSft Mm 



p 3 ^o 



<I!|c£t^^Y<$l. 3661*1^ (l^^ijfiR^igj 

P/ 



0 S = e, + 100° = 373.15 "degrees" 



(7-1) 



0, = 



100 



0.36611 



= 273.15 "degrees" 




: 3-i gflfc 

(Jem B^J^^3tM^^W^^^^{M0Q\^^/$ 



.6 cm 



■J 

M/Egflj U 



^6^0.01 cm U_x aflt®K<$j&-3 
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a .;^*.;a* 4 jo >J^1' 2 jl yajl da, 



0 6 = 0 5 = 273. 16x- = 327.8 degrees 
X it 5 



u 



0Q 

X s = X,x— ^ = 5x 



0, 



327.80 
273.16 



= 6.84cm 



|X,-X 3 | = 



X, 



0, 



xA0 



_3 



4$lg 3J$j ^3g Ofe o.oi k B^tty^A© a/% ^§aS3L3£tpA>(g 



ax = 



5 xO.Ol = 1.834xl0" 4 < 0.01 



273.15 



:y£(S3 33-3 = 273.16 K :i±4f3^lfflfiE^ (Mj ^OkfflL 



T = 273.16Kx lim 

p 3 ^o 



^ D \ 



(8-1) 



'til 



elsius a ^ 

t c = T - T, (9-1) 



B^k(8R t y = o °c B^5§aj£l]§§ioo °c e^Ska^pSL Z 0$ 



X s = 100 °C 
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1 180 6%EAT S - T, 0$Mffl<S^^ 

KJKH^a>|iQ^(k^^ 

:<^Tl : &el^C}3lS>^^Q^» J^Tv(Kl«H§C^y^3^ aBUffic^CFahrenheit 

1R = -K (10-1) 
5 v 1 

T; = — — x273.15K = 491. 67R (11-1) 
' 5 K y 1 

:(§rNfe KJ&B^ (Mb U$ 

t = T - 459.67 R (12-1) 

.°R B^tk 

: KJKH^a a ^1 a feka^nih 



[j ^3kr, = o °c 

t F = 491.67 - 459.67 = 32 °F 

Ij ^Ocr s = ioo °c 0$ 



t- = - - x 373.15 K - 495.67 = 212°F 
s 5 K 



.(Mi80 B^lAjlB^dSa^EpJBU 
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100 


373 


672 


212 




0_ 


273_ 


492_ 


32_ 





\ \ \ \ 

Celsius Kelvin Rankin Fahrenheit 

-273 0 0 -460 

Absolute zero 

: 4-i og fe 

t* = a e 2 + b :dr?|fe ^ G^Ki 

.0%Sd£&i^ t* =ioo t* =o j iS a& §a c$&pd) 4i|4E)zO 

.X = 7.0 cm {0S£$,3tM&t ?Cm%t* 46|4E)Za 

.50° e$ik* 4ft 7&k% e^t3 1 teez 3 

t*° = 0 = a(273.15) 2 +b "U 
t* 10 ° = 100 = a(373.15) 2 + b 

a = 1.547 x 10" 3 K~ 2 $ b = -115.4 K 
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: 5-i 6B b 

k 77.36 t±qg£S(g^3 kl^^]^^^^^^^^^}^ £8 
.Kiting kG*(a a#ft(G a>®iffig>^|4Egi? 



t = T - T, = 77.35 -273.15 = -195.8 °C 



U 



R = --X73.15K = 123. 23R 
5 K 



t F = -t +32 = 320.44 F 
F 5 
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Thermodynamic Equilibrium H r ftw^f|C&j flfca 7-1 

<Mj^$4S^A;a^a<Mz a^a&j >l a€<±S?v^#<$dbn K$ 

^M^tD/M^ M^lJiiZ elastic stress Gi®a/£ ^M®K3ci8 

3H8| Zj ^^HaZ ?Mj 
/|^J UZ t£^E0i(2% j 3aZ yfcii >! a&B^6 j liGl Z y^3Jb^ 

Aft 7p^My^kiJti^\ 3az (gE^&v&y fi$Mmp ^ $&xQ/®Z 



Processes 



gjfehfc 8-1 



gMk 1-8-1 
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J§(^M)iZ(i^gyfeCE^ process (M<a&<jfcrl 

.J 3k agfy| da^k^<MM>ffi\M$mh] Sea 
:nonelastic process Q^eKoCffllrffl.l 

B^a^^(|3^o$(E^<^^ a^Mj^(lr^$k 

.Beig ^]b££p^ SSI Z^§5©§JEJ 
Z^^J^ofefel\T 2 > Ti ^ (E^BUTi ^ C^'(±^q§cl^k:AUQ& 

My ®%k®$ZT 1 (MMyfcij <a^S6 

.(Sl&Yn(^<l^ 

.isovolumic ^Jsochoric (jD^^a^rdB^3^D^ZC|[r^.1 
.isobaric O^a^li^X^Le KOQSll.2 
.isothermal *^^j\aCiri^y% (MKOClrd) .3 
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isothermal 



Adiabatic Processes 




Ui-9 00 a 



2-8-1 



3-8-1 
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M&p ^ "E ofe^ Z Afe j yO^SBCUreversible E d%Sfe<Sl5j $k 

. gjSESfr^E A^v^Dl^ i^fillZ #£aa Sg >l U 

j 7P<k$ OftSEftftkbtfifca 4&9>6 a£r 2 ^ (Muff BUbt^ ^ (M 
^(ECMSli^T 2 > Tx j ^O^vtiBUOf achgji^4^ia^ t x > t 2 

AilGR(?X (KfiKKfc (M & Qth$ fe&e^ja^Za^i^^i|Er 
KftflfifrAp JA6 6E 0S(rt6blB& & (ECb^g AlfiS jigs 
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